A graphical test is presented to check if recorded annual maximum flood data for a group of gauging stations in a region belong to a common parent distribution (P). The test compares the observed at site L-coefficient of variation (Lev) with its sampling distribution. The latter is obtained by generating synthetic sequences from an assumed parent distribution (P). A group of sites is deemed to be homogeneous if the observed Lev, treated as an order statistic, lies within its sampling distribution. The proposed test has been applied to annual maximum flood data from Tanzania to delineate the country into 12 homogeneous regions.
INTRODUCTION
Regionalization, in the context of flood frequency analysis, refers to identification of homogeneous regions and selection of appropriate frequency distributions for the identified regions. This paper deals with the delineation of homogeneous regions. The selection of frequency distributions is dealt with in a subsequent paper (Mkhandi et al, 2000) .
There are no universally accepted objective methods of regionalization. This is due to the complexity of factors that affect the generation of floods. Several attempts have been made by different authors to identify hydrologically homogeneous regions based on either geographical considerations or flood data characteristics, or a combination of both.
In the UK Flood Studies Report (NERC, 1975) , the British Isles were divided into 11 regions. These regions were created on the basis of general knowledge of hydrological regime; geographical continuity was maintained. The delineated regions were not tested rigorously for homogeneity in a statistical sense. Matalas et al. (1975) divided the United States of America into 14 geographical regions, based on the variability of skewness of instantaneous flood peak data. There have also been attempts to identify flood regions in data space defined by either flood statistics or basin characteristics. In New Zealand, Mosley (1981) , used cluster analysis to form groups of basins characterized by specific mean annual flood and coefficient of variation of instantaneous flood discharge. Waylen & Woo (1984) formed groups of stations in British Columbia on the basis of five different parameters of the peak over threshold (POT) flood series and differentiated between them using discriminant analysis. In Pennsylvania, White (1975) used factor analysis of a collection of physically similar basins. Acreman & Sinclair (1986) used cluster analysis (grouping of stations) on a matrix of basin characteristics to identify similar basins in Scotland, while Wiltshire (1985) used an iterative search procedure to locate optimum division of the basin characteristic data space for flood regionalization. Wiltshire (1986a,b,c) also used multivariate discriminant analysis to form groups for British catchments.
The advantages of working with a homogeneous region is that the historical data available within the region can be pooled to get an efficient estimate of parameters of a chosen distribution and hence a more robust quantile estimate. If a homogeneous region is geographically continuous then it has an added advantage. The distributional form and parameters of the region, chosen on the analysis of the gauged data, can be used for flood frequency estimation at ungauged sites within the region.
Once a homogeneous region is chosen, based on either geographical considerations or a combination of geographical factors and the flood data statistics, then it must be tested for homogeneity in the statistical sense. One such test is presented herein.
THE PROPOSED TEST OF HOMOGENEITY
The proposed method tests the hypothesis that a set of gauging sites forms a homogeneous group in the sense that the annual maximum flood data observed at these sites belong to a single parent distribution (P). The test assumes that the hypothesis is acceptable if Lev values calculated from the historical data at each site are similar to the Lev values calculated from synthetic sequences of a parent distribution (P). Similarity is measured by comparing the observed values of Lev with the sampling distribution of Lev for each order of Lev. The sampling distribution for each order is calculated from synthetically generated sequences of P of the same length as the historical data.
The test can be better explained by describing various steps involved in the conduct of the test: (a) Calculate Lev values from observed annual maximum flood data for each site in the region. Plot these values on an Extreme Value type 1 (EV1) plotting paper.
Mark these values as "historical" as shown in historical sequence which is equal to the number of gauging stations in the group multiplied by the length of data at each station. (d) Calculate Lev values from synthetically generated data for each site in the region.
These values may be stored as an order statistic in ascending or descending order.
Repeat 500 times to estimate the sampling distribution of each order of Lev. (e) Calculate the upper and lower boundary limits for each order of Lev. Two categories of limits may be considered: (i) The upper and lower limits of an order ra are defined as the maximum and minimum values of rath order Lev values obtained from the 500 synthetic sequences, respectively. These values are marked by squares in Fig. 1 . (ii) The upper limit of order ra is equal to mean plus twice the standard deviation of rath order Lev values calculated from the 500 synthetic sequences. Similarly, the lower limit can be estimated by calculating the mean minus twice the standard deviation. The boundary limit was set to twice the standard deviation in view of the fact that it is comparable to 95% confidence limits under the assumption of a normal distribution. These values are marked by stars in Fig. 1 . (f) If each historical value of Lev falls within the upper and the lower limits created by simulation, then the group of sites under investigation is deemed to be statistically homogeneous for the given parent distribution P.
APPLICATION TO TANZANIA DATA
The data
Annual maximum flood data of 77 stations were used to delineate Tanzania into homogeneous regions (see Fig. 4 for the locations of the gauging stations). The distributions of coefficient of variation (Cv), skewness (Cs), record length and catchment area are presented in Fig. 2 . 
Delineation into homogeneous regions
The procedure adopted in the study comprised the following three steps: (a) Geographic information was used to identify likely homogeneous regions that are geographically continuous. (b) Each region that was identified in the previous step was checked for similarity in the statistics of observed flood data. Based on this step, regions obtained in step (a) were modified. (c) The proposed test of homogeneity was applied to confirm that the delineated regions are statistically homogeneous.
Step (a) uses only the geographic information. It relies, heavily, on the investigator having background knowledge of the topography, hydrology, climatic conditions and any other special characteristics of the region. This approach was opted in view of the fact that facilities to use the GIS frame were limited.
The information used in the present work comprised maps of basin boundaries, topography and mean annual rainfall. Maps of 1:3 000 000 scale were digitized. The digitized information of mean annual rainfall isohyets, major basin boundaries and topography were then superimposed using computer graphics. There were three layers of information: basin boundaries on the bottom, followed by the elevation contours, and mean annual rainfall contours forming the top layer. The three layers of geographical information considered in the analysis are presented in Fig. 3 . Based on these three layers of information several preliminary homogeneous zones were created using largely the judgement of the investigator. The guiding principles were that the boundaries of the delineated zones should match the catchment boundaries or the elevation contours. River basins lying on high lands receiving higher rainfall were grouped together under one region, while those lying on lowlands and receiving low rainfalls were put together. Basins in the semiarid regions were also considered to form separate homogeneous regions.
Step (b) used the mean and standard deviation of the coefficient of variation (Cv) of the observed flood data. A homogeneous region was expected to have a low coefficient of variation of at site Cv values (Cc). If a site was noted to have an exceptionally high or low value of Cv, such that it made a considerable influence on the magnitude of the Cc value for the region, then an attempt was made to include the site in the neighbouring group. At times, several sites were merged completely with another group, or separated into a new group. As a result, preliminary groups formed in step (a) were altered and a final set of homogeneous groups was formed. The 12 delineated regions of Tanzania obtained using this procedure are presented in Fig. 4 . The description of the physical regions included in the delineated regions, and the average non-dimensional statistics of annual maximum floods, are given in Table 1 . The values of the moments for different regions were not tested whether they are statistically different with respect to the length of the available observations.
Step (c) involved the application of the proposed test to the delineated regions presented in Fig. 4. From Fig. 4 , it can be noted that region Tan3 is not geographically coherent. The explanation is that the region comprises two sub-regions located in different areas but characterized by similar climatic conditions. The proposed test of homogeneity was applied to the data of all the 77 sites used in the study. The chosen parent distribution was the Kappa distribution and the results are presented in Fig. 6 . As expected, the distribution of observed Lev values crosses both the upper and the lower boundaries of confidence. Region  EV1  P3  LP3  G2  GEV  LLG  WAK  LN  Kappa  Tanl  Tan2  Tan3  Tan4  Tan5  Tan6  Tan7  Tan8  Tan9 Tan 10 Region Tanl  Tan2  Tan3  Tan4  Tan5  Tan6  Tan7  Tan8  Tan9  TanlO  Tanll  Tan 12 EV1 
COMPARISON WITH THE HOSKING AND WALLIS TEST

The description
The Hosking & Wallis test (1993) is similar to that proposed herein. It assumes that a group of sites is homogeneous if the variance of Lev calculated from the historical data is similar to the variance of Lev calculated from synthetic sequences generated by a Kappa distribution. Similarity is measured by comparing the variance of historical Lev values with the expected value of the variance of Lev values calculated from synthetic sequences.
The test is described mathematically as follows:
where H is the heterogeneity measure, V is the variance of the observed Lev values, and Hv, o" are the mean and standard deviation of Lev values generated from Kappa distribution, as suggested by Hosking & Wallis (1993) . There are two main differences in the Hosking & Wallis (1993) test and that presented herein. These are: (a) Hosking & Wallis (1993) Hosking & Wallis (1993) test are based on the same principle, but they were developed independently. The graphical test has been in use since 1992 at the University of Dar es Salaam, Tanzania.
Application
The Hosking & Wallis (1993) test was applied to the 12 delineated regions of Tanzania. The results are presented in Table 4 . Seven of the delineated regions (Tanl, Tan3, Tan5, Tan7, Tan8, Tan9 and Tanl2) failed the test.
If the stricter limits of (mean ± 2a) are applied to the graphical test, it can be seen from Table 3 Hosking & Wallis (1993) test with the proposed graphical test gave similar, but not identical, results. The reasons why they are not identical must be investigated in future studies on the subject. The graphical test seems to be more lenient than that proposed by Hosking & Wallis (1993) . Table 4 Results of homogeneity test after Hosking & Wallis (1993) .
Region
No. of sites Heterogeneity Tanl  Tan2  Tan3  Tan4  Tan5  Tan6  Tan7  Tan8  Tan9  TanlO  Tanll  Tan The procedure to delineate homogenous regions based on geographical information comprising mean annual rainfall, major basin boundaries and topography has proved very useful. This method has been used for delineation of homogeneous regions in other southern African countries. The results are presented in the accompanying paper (Mkhandi et ah, 2000) . The proposed graphical test for the statistical homogeneity has been used successfully. Most of the delineated regions of Tanzania passed the proposed test at a lower level of confidence. The Hosking & Wallis test failed for seven regions. Comparison of results between the proposed graphical test and the Hosking & Wallis test shows similarity but the results are not identical.
